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MACKLIB

A Library of Nuclear Response Functions Generated
with the MACK-IV Computer Program from ENDF/B-IV

Y. Gohar and M. A. Abdou

Fusion Power Program

ABSTRACT

A new library, MACKLIB-IV, of processed nuclear data for neutronics
analysis of nuclear systems has been generated. The library was prepared
using the new version of the MACK code, MACK-IV, and nuclear data from
ENDF/B-IV. The library includes all nuclear response functions for all
materials presently of interest in fusion and fusion-fission hybrid
applications for 49 materials. The new library is a significant upgrade
from the earlier version, MACKLIB.

MACKLIB-IV employs the CTR energy gr&hp structure of 171 neutron
groups and 36 gamma groups. A retrieval computer program is included
with the 1ibrary to permit collapsing into any other energy group struc-
ture. The library is in the new format of the "MACK-Activity Table"
which uses a fixed position for each specific response function. This
permits the user when employing the 1library with present transport
codes to obtain directly the nuclear responses (e.g. the total nuclear
heating) summed for all isotopes and integrated over any geometrical
volume. The response functions included in the Tibrary are neutron
kerma factor, gamma kerma factor, gas production and tritium-breeding
functions, and all important reaction cross sections. Pertinent infor-
mation about the library and a graphical display of six response func-
tions for all materials in the library are given.



INTRODUCTION

This report describes a new version of the MACKLIB(]) library, MACKLIB-IV.
The library includes the nuclear response functions, e.g. kerma-factors, gas
production, and tritium breeding cross sections, for a large number of mate-
rials of interest in fusion and fission applications. MACKLIB-IV was generated
with the new version of the MACK computer program, MACK-IV,(Z) employing basic

nuclear data from ENDF/B-IV.(3) Although the basic structure of MACKLIB-IV is

similar to the earlier version, the new Tibrary is given in the new(z) versa-
tile format of the "MACK-Activity-Table". This format allows considerable
flexibility in calculating the nuclear responses internally with presently

available transport codes.

A list of the 49 materials for which nuclear response functions are given
in MACKLIB-IV is shown in Table I. The response functions included in the
library are given in the format of the "MACK-Activity-Table" shown in Table II.
The Tibrary is in the CTR energy group structure(4) of 171 neutron groups and
36 gamma groups shown in Tables III and IV, respectively.

Pertinent information about the Tibrary is given in the rest of the
report. A general-purpose retrieval program is described. Graphical displays
of six response functions for all materials in the Tibrary are given in
Appendix A.

MACKLIB FORMAT

The library is distributed in the "MACK-Activity-Table format. For each
material there is one data set. Within each data set there is an activity
table for each energy group. This table consists of IHM positions. The type
of information given in each position is shown in Table II. For example, the
neutron kerma factor always appears in position 2 while the tritium-production
cross section always appears in position 7.



The distributed library is a coupled neutron-gamma structure with 171 neu-
tron groups and 36 gamma groups. The retrieval program described later in this
report permits collapsing into a smaller number of groups. If we denote the
number of neutron groups by IGN and the number of gamma groups as IGG, then the
data set for one material consists of IGM activity tables where IGM = IGN + IGG.
Tables for groups 1 through IGN contain the response functions for neutron in-
teraction while the tables for groups IGN+1 through IGM contain the response
functions for gamma interaction. Thus, in reference to Table II, it follows
that position 3 which is reserved for gamma kerma factor is always zero in the
tables for groups 1 through IGN. One can also note that for groups IGN+1
through IGM only positions 1, 3, 32, and 34 have nonzero entries. For posi-
tion 1, the neutron kerma factors appear in groups 1 through IGN and the gamma
kerma factors appear in groups IGN+1 through IGM. Similar observations can be
made about position 32.

The Tibrary is distributed in card image format (80 characters per record).
A1l numbers are in FIDP format (see, for example, ANISN manual 5 o

MACKLIB UTILIZATION

MACKLIB can be used with any neutron and gamma-ray flux spectra to calcu-
late the spatial distribution of neutron, gamma, and total heating, rates of
atomic displacements, tritium breeding ratio, gas production, and other reac-
tions of interest. Since the response functions in MACKLIB are flux- and
density-independent, the 1ibrary can be utilized for calculating the nuclear
responses in one-, two-, and three-dimensional geometries for any spatial dis-
tribution of mixtures of materials.

One way to calculate the nuclear responses is to employ a simple computer
program to carry out the summation over energy groups of the product of the
flux and the appropriate response function from MACKLIB. Another convenient
way is to mix the "MACK-Activity-Tables" explicitly with the "regular transport"
multigroup cross sections via the mixing tables in the transport code employed
to predict the flux solution (e.g., via the 10$, 11§, and 12* arrays in ANISN(S)
or the equivalent in DQT(G)). The number density for each activity table
should be the appropriate number for the material multiplied by a small (e.g.



10-15) fixed number, f. This multiplication factor ensures that the transport
cross sections are not significantly altered. The reaction rates and other
integrated responses calculated directly by the transport codes will be the

true values multiplied by f.

For this procedure to be successful the group structure of the multigroup
transport cross sections must be identical to that of the MACK-Activity-tables.
Furthermore, the length of the cross-section table, IHM (number of positions per
group), must be the same in the transport cross sections and the activity
tables. Notice that in MACKLIB-IV each response function has a fixed position
for all materials; and, therefore, response functions for a mixture of mate-
rials is readily obtainable by mixing the MACK-Activity-tables for the mate-
rials in exact analogy to mixing the "regular transport" multigroup cross
sections.

RESPONSE FUNCTIONS

The response functions included in MACKLIB-IV are listed in Table II. A1l
the neutron response functions except the atomic displacement cross sections were
generated with the MACK-IV(Z)
ENDF/B-IV. A weighting function similar to that described in Ref. 4 was employed

computer program using basic nuclear data from

for generating the 171 neutron group data from one thousand energy points. The

gamma kerma factors were generated with the SMUG(7) computer program. The atomic

displacement cross sections in position 4 were taken from the work of Doran.(g)
The displacement cross sections were available only for the materials listed in
Table V. The displacement energies assumed in generating the displacement cross
sections for the various materials are given in Table V. Position 5 in the
activity table, labelled "Displacement Cross Section B," currently has no infor-
mation and the position is reserved for the convenience of the user in entering

new data, since there is considerable uncertainty in displacement cross sections
at present.

The integrated responses for positions 1, 2, and 3 yield the neutron, gamma,
and total heating, respectively. The entry in position 7 (total tritium produc-
tion cross section) integrated over space-and energy variables yield directly
the tritium breeding ratio if the neutron source strength is normalized to unity.



Positions 23 through 31 include the contribution to the neutron kerma fac-
tor from individual reaction types.(z) Such individual contributions are not
available for materials whose neutron kerma factors were generated using the
direct gamma-production path(z) of MACK-IV.

The average energy (taken as the mid-point energy) of each neutron group
is included in positions 32 and 33 for groups 1 through IGN. The average energy
of each gamma group is given in positions 32 and 34 for groups IGN+1 through IGM.
Positions 32, 33, and 34 can be utilized efficiently to obtain the integrated
energy flux and energy leakage.

Positions 35 through IHM (IHM = IGM+3) are filled with zeroes. Notice that
a zero value is entered for each position at each group where a response function
js not applicable or not available. For example, positions 3 and 34 will always
have zero entries for all groups 1 through IGN and actual values for groups
IGN+1 through IGM. As another example, positions 13 and 14 [(n,3n) and (n,f)
cross sections] are filled with zeroes for all groups for materials such as
hydrogen, helium, and lithium.

DECAY AND FISSION ENERGIES

The contribution to nuclear heating from the radioactive decay of the
reaction products has been discussed in Refs. 2 and 9. The neutron kerma fac-
tors in MACKLIB-IV include the contribution to neutron heating from radioactive
decay (primarily 8~ and B+) of the reaction products. This is an approximation
which is shown - to be reasonable for the applications in which MACKLIB-IV
is expected to be employed. It should be noted that this approximation is not
valid for other applications such as certain types of health physics calculations.

The average beta decay energies were prepared using the tables in Ref. 2.
Decay modes, half-lives, branching ratios, and maximum beta energies were deter-
mined from data in Refs. 10 and 11. The decay energy for each reaction included
in MACKLIB-IV calculations is shown for the various materials in Appendix B.

The local energy deposition per fission reaction is given by the sum of the
final kinetic energies of the fission fragments. Detailed studies show that
the kinetic energy of the fission fragments is not sensitive to the incident



neutron energy at low energies. However, it is expected that the kinetic energy
of the fission fragments has an important energy dependence for incident neutron
energies in the 5 to 20 MeV. Since reliable data on such energy dependence is
lacking we have adopted va]ues(12) for the kinetic energy of the fission frag-
ments that are independent of the incident neutron energy. These values are

shown in Table VI.

ALTERNATE FORMAT AND ADDITIONAL DATA

The data in MACKLIB-IV is also available in a structured format different
from that of the MACK-Activity-Table. In this alternate format, each material
has a set of arrays; each array contains the data for one response function.
Each array is preceded by two title cards; the first is for the material identi-
fication and the second is for the response function title. Each response func-
tion array contains only a number of entries equal to the number of neutron
groups (171 groups for MACKLIB-IV). This alternate format is useful for users
who do not wish to work with the fixed format of the MACK-Activity-Table.

Gamma-production matrices generated concurrently with MACKLIB-IV are also
available. The use of these gamma-production cross sections is not a require-
ment for the adequate use of the MACKLIB-IV, but it would ensure preserving the
energy in all phases of heating calculations for those materials whose ENDF/B
evaluations do not consistently preserve the energy.

RETRIEVAL PROGRAM

K retrieval program has been written to perform several functions. The
program reads the library in FID@ card image format (the distribution format
for the library), performs the user's requests, and writes a new library in
FIDP card image format or ANISN binary tape.



CARD No. 1

INPUT INSTRUCTIONS

FPRMAT (2A4,316)

TIne

IN
Ipu

INM

CARD NO. 2

Define the program function with eight characters in columns

(M

(2)

(3)

(6)

ADD

Add new material(s) to the existing library.

REPLACE

Replace specific material(s) in the existing library.
DELETE

Delete certain material(s) from the existing Tibrary.
COLLAPSE -

Collapse the library from 171 neutron, 36 gamma groups to
a broader group structure.

MIX

Mix certain material(s) from the existing library to
generate a mixture(s).

ANISN,UF

Generate an output library in unformatted ANISN tape
library.

Unit number for the input library.

Unit number for the output library in ANISN card image format
except for function number six.

Unit number for the input material(s) to be added or replaced
in the input library on unit IN.

FPRMAT (15I5)

This card is input for replace, delete, or collapse function only.

N

IMAT(N)

Number of materials to be replaced, deleted, or collapsed
from the library.

1D number of the maerial(s) to be replaced or deleted from the
library. A 1list of ID numbers for the library are given in
Table I. The MAT number has been used as ID number for the
materials in the library.



CARD NO. 3 (ANISN Free Format)

These data are needed for the collapse function only. ANISN integer array of

207 values gives the broad-group number by fine group. As an example, if the

207 group will be collapsed to four-neutron group and two-gamma group structures,
this array will be as follows:

1$$ 35R1 40R2 35R3 61R4 18R5 18R6 T

i i i i 1 and the next 40 fine
This means the first 35 fine groups'w111 be group No.
groups will be the second group as illustrated in the data card.

CARD NO. 4 FPRMAT (315)

IW Weighting option.
(1) Flat weighting function for neutron and gamma groups.

(2) 1/E weighting function for neutron groups and flat weight-
ing function for fine gamma groups.

(3) Input weighting function for neutron groups and flat weight-
ing for gamma groups.

(4) Input weighting functions for neutron and gamma groups.
ITA Table Tength for each group (ITA > number of groups + 3).

NNN Number of broad groups (neutron plus gamma).

CARD NO. 5 FPRMAT (6E12.6)

This card is input for IN = 3/4 only.

PHI(I) Weighting function for neutron groups if IW = 3 or neutron and
gamma groups for IW = 4,

CARDS NOS. 6 and 7 are input for MIX function only.

CARD NO. 6 FORMAT (I5)

N Number of mixture(s).

CARD(s) NO. 7 FPRMAT (215/(112,E12.5))

MM Mixture ID number.

M Number of material(s) in the mixture.

IMAT(1) ID number for the first material in the mixture.
DIMAT(1) Number density for the first material in the mixture.



IMAT(2) ID number for the second material in the mixture.

DIMAT(2) Number density for the second material in the mixture.
IMAT(M) ID number for the m-th material in the mixture.
DSMAT (M) Number density for the m-th material in the mixture.

Detailed Notes

(1) This program can be used for different functions in the same run. As
an example add some materials and replace others and then collapse to Tower num-
ber of groups. The only restriction is that the input Tibrary must be in ANISN
card image format, so the output from function to another must be in ANISN card
image format.

(2) The input to the collapse program is restricted to 171 neutron groups
and 36 gamma groups. In others words, it is not allowed to start collapsing
from other group structures.

(3) The program can be used to generate a small Tibrary with 1imited num-
ber of materials. The delete option can be used to keep the required material
only.
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TABLE I

List of Materials in MACKLIB-IV

ENDF/B ENDF/B
MAT No. MAT No.
Hydrogen 1269 Copper 1295
Helium 1270 Niobium 1189
Lithium-6 1271 Molybdenum 1287
Lithium-7 1272 Tantalum 1285
Beryllium 1289 Tungsten-182 1128
Boron-10 1273 Tungsten-183 1129
Boron-11 1160 Tungsten-184 1130
Carbon 1274 Tungsten-186 1131
Nitrogen 11275 Lead 1288
Oxygen 1276 Thorium-232 1296
Flourine 1277 Protactinium 1297
Sodium 1156 Uranium-233 1260
Magnesium 1280 Uranium-234 1043
Aluminum 1193 Uranium-235 1261
Silicon 1194 Uranium-236 1163
Chlorine 1149 Uranium-238 1262
Potassium 1150 Neptunium 1263
Calcium 1195 Plutonium-238 1050
Titanium 1286 PTlutonium-239 1264
Vanadium 1196 PTutonium-24C 1265
Chromium 1191 Plutonium-241 1266
Manganese 1197 Plutonium-242 1161
Iron 1192 Americium-241 1056
Cobalt 1199 Americium-243 1057
Nickel 1190

11



TABLE II

MACK-Activity Table

(For each energy group, there are IHM entries
arranged according to this table.)

Position Content

Neutron and gamma kerma factors
Neutron kerma factor

Gamma kerma factor

Displacement cross section - A
Displacement cross section - B

Total hydrogen production cross section
Total tritium production cross section
Total helium production cross section
Total cross section

Elastic cross section

Total inelastic cross section

(n,2n) cross section

(n,3n) cross section

Total fission cross section

(n,n"t) cross section

(n,n”) continuum cross section

(n,y) cross section

(n,p) cross section

(n,D) cross section

(n,t) cross section

(n,3He) cross section

(n,a) cross section

Elastic scattering kerma factor

(n,n”) charged particles kerma factor
Inelastic-level scattering kerma factor
(n, charged particles) kerma factor
(n,2n) kerma factor

(n,3n) kerma factor

Fission kerma factor

Inelastic continuum kerma factor
Radiative capture kerma factor

Group mid-energy for neutron and gamma
Group mid-energy for neutron only
Group mid-energy for gamma only

Position§ 35-IHM are filled with cross sections for the
MT reactions not given in the fixed positions 1-34.

PN Ny s T e
CLOONOANTPAPWN—OWWNOUTD WMN —

W W W W W NN MR NN
"hw'\’—‘OkDOO\onm.;:.BSB

w
o

THM
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TABLE III

Neutron 171 Energy Group Structure (eV)

Group E(TOP) Lethargy
1 0517 33SE+08 -0.55000E + 00
2 0.16487E + 08 -0.50000E + 00
3 0.15683E + 08 -0.45000E + 00
4 0.14918E + 08 -0.40000E + 00
5 0.14550E + 08 -0.37500E + 00
6 0.14191E + 08 -0.35000E + 00
7 0.13840E + 08 -0.32500E + 00
8 0.13499E + 08 -0.30000E + 00
9 0.12840E + 08 -0.25000E + 00
10 0.12214E + 08 -0.20000E + 00
1 0.11618E + 08 -0.15000E + 00
12 Oelil052E +-08 -0.10000E + 00
13 0.10513E + 08 -0.50000E + 01
14 0.10000E + 08 0.0
15 (2951 23Es+507 0.50000E - 01
16 0.90484E + 07 0.10000E + 00
17 0.86071E + 07 0.15000E + 00
18 01581 878 ES+201]] 0.20000E + 00
19 0.77880E + 07 0.25000E + 00
20 0.74082E + 07 0.30000E + 00
21 0.70469E + 07 0.35000E + 00
22 0.67032E + 07 0.40000E + 00
23 0.65924E + 07 0.41667E + 00
24 0.63763E + 07 0.45000E + 00
25 0.60653E + 07 0.50000E + 00
26 0.57695E + 07 0.55000E + 00
27 0.54881E + 07 0.60000E + 00
28 (85220 5F% t8 0/ 0.65000E + 00
29 0.49659E + 07 0.70000E + 00
30 0.47237E + 07 0.75000E + 00
31 0.44933E + 07 0.80000E + 00
32 0.40657E + 07 0.90000E + 00
33 0.36788E + 07 0.10000E + 01
34 0:33287E:+07, 0.11000E + 01
35 0.31664E + 07 0.11500E + 01
36 0.30119E + 07 0.12000E + 01
37 0.28650E + 07 0.12500E + 01
38 0.27253E + 07 0.13000E + 01
39 0.25924E + 07 0.13500E + 01
40 0.24660E + 07 0.14000E + 01
41 0.23852E + 07 0.14333E + 01
42 0.23653E + 07 0.14417E + 01
43 0.23457E + 07 0.14500E + 01
44 0.23069E + 07 0.14667E + 01
45 0.22313E + 07 0.15000E + 01
46 0.21225E + 07 0.15500E + 01

13



TABLE III (Contd.)

Neutron 171 Energy Group Structure (eV)

Group E(TQP) Lethargy
47 0.20190E + 07 0.16000E + 01
48 0.19205E + 07 0.16500E + 01
49 0.18268E + 07 0.17000E + 01
50 ORI 7377E ++07 0.17500E + 01
51 0.16530E + 07 0.18000E + 01
52 0.15724E + 07 0.18500E + 01
b3 0.14957E + 07 0.19000E + 01
54 0.14227E + 07 0.19500E + 01
55 0213584E -+ 07 0.20000E + 01
56 0.12873E + 07 0.20500E + 01
57 0.12246E + 07 0.21000E + 01
58 0.11648E + 07 0.21500E + 0]
59 0.11080E + 07 0.22000E + 01
60 0.10026E + 07 0.23000E + 01
61 0.96164E + 06 0.23417E + 01
62 0.90718E + 06 0.24000E + 01
63 0.86294E + 06 0.24500E + 01
64 0.82085E + 06 0.25000E + 01
65 0.78082E + 06 0.25500E + 01
66 0.74274E + 06 0.26000E + 01
67 0.70651E + 06 0.26500E + 01
68 0.67206E + 06 0.27000E + 01
69 0.63928E + 06 0.27500E + 01
70 0.60810E + 06 0.28000E + 01
71 0.57844E + 06 0.28500E + 01
72 0.55023E + 06 0.29000E + 01
73 0.52340E + 06 0.29500E + 01
74 0.49787E + 06 0.30000E + 01
75 0.45049E + 06 0.31000E + 01
76 0.40762E + 06 0.32000E + 01
77 0.38774E + 06 0.32500E + 01
78 0.36883E + 06 0.33000E + 01
79 0.33373E + 06 0.34000E + 01
80 0.30197E + 06 0.35000E + 01
81 0.29850E + 06 0.35116E + 01
82 0.29720E + 06 0.35159E + 01
83 0.29452E + 06 0.35250E + 01
84 0.28725E + 06 0.35500E + 01
85 0.27324E + 06 0.36000E + 01
86 0.24724E + 06 0.37000E + 01
87 0.23518E + 06 0.37500E + 01
88 0.22371E + 06 0.38000E + 01
89 0.21280E + 06 0.38500E + 01
90 0.20242E + 06 0.39000E + 01
91 0.19255E + 06 0.39500E + 01
92 0.18316E + 06 0.40000E + 01

14



TABLE III (Contd.)

Neutron 171 Energy Group Structure (eV)

Group E(TPP) Lethargy
93 0.17422E + 06 0.40500E + 01
94 0.16573E + 06 0.41000E + 01
95 0.15764E + 06 0.41500E + 01
96 0.14996E + 06 0.42000E + 01
97 0.14264E + 06 0.42500E + 01
98 0.13569E + 06 0.43000E + 01
99 0.12907E + 06 0.43500E + 01

100 0.12277E + 06 0.44000E + 01
101 0.11679E + 06 0.44500E + 01
102 0.11109E + 06 0.45000E + 01
103 0.98037E + 05 0.46250E + 01
104 0.86517E + 05 0.47500E + 01
105 0.82500E + 05 0.47975E + 01
106 0.79500E + 05 0.48346E + 01
107 0.72000E + 05 0.49337E + 01
108 0.67379E + 05 0.50000E + 01
109 0.56562E + 05 Q5 1750E 0]
110 0.52475E + 05 0.52500E + 01
111 0.46309E + 05 053750 +101
112 0.40868E + 05 0.55000E + 01
113 0.34307E + 05 0.56750E + 01
114 0.31828E + 05 0.57500E + 01
115 0.28500E + 05 0.58604E + 01
116 0.27000E + 05 0.59145E + 01
117 0.26058E + 05 0.59500E + 01
118 0.24788E + 05 0%.60000E + 01
119 0.24176E + 05 0.60250E + 01
120 0.23579E + 05 0.60500E + 01
121 0.21875E + 05 0.61250E + 01
122 0.19305E + 05 0.62500E + 01
123 0.15034E + 05 0.65000E + 01
124 0.11709E + 05 0.67500E + 01
125 0.91188E + 04 0.70000E + 01
126 0.71017E + 04 0.72500E + 01
127 0.55308E + 04 0.75000E + 01
128 0.43074E + 04 0.77500E + 01
129 0.37074E + 04 0.79000E + 01
130 0.33546E + 04 0.80000E + 01
131 0.30354E + 04 0.81000E + 01
132 0.27465E + 04 0.82000E + 01
133 0.26126E + 04 0.82500E + 01
134 0.24852E + 04 0.83000E + 01
1135 0.22487E + 04 0.84000E + 01
136 0.20347E + 04 0.85000E + 01
137 0.15846E + 04 0.87500E + 01
138 0.12341E + 04 0.90000E + 01
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TABLE III (Contd.)

Neutron 171 Energy Group Structure (eV)

Group E(TPP) Lethargy
139 0.96112E + 03 0.92500E + 01
140 0.74852E + 03 0.95000E + 01
141 0.58295E + 03 0.97500E + 01
142 0.45400E + 03 0.10000E + 02
143 (F35358E 03 0 10250F =02
144 0.27536E + 03 0.10500E + 02
145 0.21445E + 03 0.10750E +202
146 0.16702E + 03 0.11000E + 02
147 0.13007E + 03 05 11250F 02
148 0.10130E + 03 0.11500E + 02
149 0.78893E + 02 0311 Z60E D2
150 0.61442E + 02 0.12000E + 02
151 0.47851E + 02 0.12250E +. 012
52 0%37267E .02 0, 12500E 02
153 0S29203F “H02 0.12750E + 02
154 0.22603E + 02 0.13000E + 02
155 017608E 02 0.13250E + 02
156 0213710E + 02 0.13500E + 02
157 0.10677E + 02 0.13750E + 02
158 0.83153E + 01 0.14000E + 02
159 0.64760E + 01 0.14250E + 02
160 0.50435E + 01 0.14500E + 02
161 0.39279E +°01 0.14750E + 02
162 0.30590F +:01 0.15000E + 02
163 0.23824E + 01 0.15250E + 02
164 0.18554E + 01 0.15500E + 02
165 0.14450E + 01 0.15750E + 02
166 0.11254E + 01 0.16000E + 02
167 0.87642E + 00 0.16250E + 02
168 0.68256E + 00 0.16500E + 02
169 0.53158E + 00 0.16750E + 02
170 0.41399E + 00 0.17000E + 02
171 0.70000E - 00
172 0.10000E - 04




TABLE IV

Gamma 36 Energy Group Structure (MeV)

Group E(TPP) Group E(TQP)
1 14.0 19 %88
2 12.0 20 120
3 10.0 21 0.80
4 8.0 22 0.70
5 Hod 23 0.60
6 70 24 52
7 6rib 25 0553110
8 6.0 26 0.45
9 SeD 27 0.40

10 50 28 0.30
11 4.5 29 0.20
2 4.0 30 0216
13 350 31 0.10
14 3.0 32 05075
15 25 39 0.060
16 220 34 0.045
7/ 1.66 35 0.030
18 1550 36 0.020
0.010
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TABLE V

Displacement Energy (Eq) Assumed in
Generating the Displacement Cross
Sections Given in Position 4
of MACKLIB-IV

Material Eq (eV)
Aluminum 25
Vanadium 40
Chromium 40
Iron 40
Nickel 40
Copper 30
Niobium 60
Molybdenum 60
Tantalum 90
Tungsten 90
Lead 25

18



TABLE VI

Fission Encrgy Used for
Neutron Kerma Factor Calculation

Fission Delayed Delayed

Fragments Beta Gamma

Energy Energy Energy
222 162.10 823 8.01
233y 168.68 553 4.99
23 169.58 6.43 6.26
=3 170.03 8.25 8.04
239py 175590 B ah0) i 11(6)
238py 176.30 5.20 5.00
240py 175.80 6.10 6.00
2k2py 175.20 7.40 7.20
2+ LAy 179.50 5.30 5,20
243py 179.00 6.30 6.10
241py 175553 6.51 6.33
233pg 165.70 6.90 6.70
2] 169.40 5.80 5.60
235y 168.90 7.00 6.80
237Np 172.60 5.80 8.00

19






APPENDIX A

Graphical Displays of Six Response Functions
for A1l Materials in the Library
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APPENDIX B

Decay Type and Average Decay Energy in MeV
Included in MACKLIB Calculations

B-1



LR

HYDROGEN H
MAT 1269

Average
Q (MT) Q (LR) Decay Type Decay Energy

2,225 4006



gz 8

HELIUM He
MAT 1270
Average
Q (MT) Q (LR) Decay Type Decay Energy

B-3



102
103
107

LR

82

LITHIUM  6Li

MAT 1270
Average
Q (MT) Q (LR) Decay Type Decay Energy
-1.471 + 06
-5.660 + 06
-3.562 + 06
-1.471 + 06 -1.471 + 06
7.252 + 06 :
-2.733 + 06 B 1.560
4,786 + 06



102
104

33

LITHIUM  7Li

MAT 1272
Average

Q (MT) Q (LR) Decay Type Decay Energy
-4.780 + 05
-7.252 + 06
-8.723 + 06
-4.776 + 05
-2.466 + 06 -2.466 + 06

2.033 + 06 B o 2.31
-7.760 + 06 B 1.56

B-5



BERYLLIUM  Be

MAT 1289
Average
LR Q (MT) Q (LR) Decay Type Decay Energy

-1.680 + 06 a 0.0921
-2.430 + 06 o 0.0921
-6.760 + 06 a 0.0921
-1.128 + 07 a 0.0921
-1.680 + 06
-2.430 + 06
-6.760 + 06
-1.128 + 07
6.820 + 06
-1.283 + 07 B 6.24
-1.466 + 07 B, 9.31
-1.044 + 07
-6.000 + 05 B 1.56



103
104
107
113

Sl
31
Al
31
22
22
31
22
22
22
22
35
AP
35
28
22
22
35
22
35
85
27
35
35
22
35
35
28
35
35
54
22
35
35
27

BORON-10 10p
MAT 1273
Average
Q (MR) Q (LR) Decay Type Decay Energy
-7.1705+ 05
-7.170 + 05 0.0
-1.740 + 06 0.0
=206 0.0
=3:586 406 0.0
-4.774 + 06 -4.460 + 06
-5.114 + 06 -4.460 + 06
-5.166-+ 06 0150)
-5.183 + 06 -4.460 + 06
-5.923 + 06 -4.460 + 06
-6.029 + 06 -4.460 + 06
-6.133 + 06 -4.460 + 06
-6.500 + 06 -5.934 + 06
-7.000 + 06 -4.460 + 06
~7.500 + 06 -5.934 + 06
-8.000 + 06 -6.585 + 06
-8.500 + 06 -4.460 + 06
-9.000 + 06 -4.460 + 06
-9.500 + 06 -5.934 + 06
~1.000 + 07 -4.460 + 06
-1.050 + 07 -5.934 + 06
-1.100 + 07 -5.934 + 06 .
-1.150 + 07 -4.460 + 06
21,200+ 07 =5.934 + 06
-1.250 + 07 -5.934 + 06
-1.300 + 07 -4.460 + 06
SE3GaNEi07 . =5.934 06
-1.400 + 07 -5.934 + 06
-1.450 + 07 -6.585 + 06
ENEgO 07 - 4=5.930 06
-1.550 + 07 -5.934 + 06
-1.600 + 07 -5.934 + 06
-1.650 + 07 -4.460 + 06
-1.700 + 07 -5.934 + 06
-1.750 + 07 -5.934 + 06
-1.800 + 07 -4.460 + 06
2.267 + 05
=361 =06
2.790 + 06
2.318 + 05 0.0921

B-7



102
103
105
107

BORON LLR

MAT 1160
Average
LR Q (MT) Q (LR) Decay Type Decay Energy

-2.140 + 06

-1.145 + 07

-2.140 + 06

-4.458 + 06

-5.030 + 06

-5.873 + 06 K

3.369 + 06 B_ 6.42
= 1R073 =07 B 4.86
-9.561 + 06 K
-6.632 + 06 Bso 9.3



LR Q (MT)

CARBON C
MAT 1274

Q (LR)

4.947

-4.433
-4.433 + 06

#3 -7.274 + 06
4,947 + 06

-5.695 + 06

06
06

+ + + +

-7.274 + 06

B-9

Decay Type

Average
Decay Energy



102
103
104
105
107
108

28
28

28
28
28
28
28
28
28
28
28
28
28
28
22
28
28
28
28
27
28
28

NITROGEN N

MAT 1275
Average
Q (MT) Q (LR) Decay Type Decay Energy
-2.313 + 06
-1.055 + 07
-2.313 + 06
-3.945 + 06
-4.913 + 06
-5.106 + 06
-5.691 + 06
-5.834 + 06
-6.198 + 06
-6.444 + 06
-7.028 + 06
-7.966 + 06 -7.550 + 06
-8.061 + 06 -7.550 + 06
-8.489 + 06
-8.750 + 06 -7.550 + 06
-9.250 + 06 -7.550 + 06
-9.750 + 06 -7.550 + 06
=[R2 07 =72 5506
=1 075 St 077 55t (16
-1.125 + 07 -7.550 + 06
-1.175 + 07  -7.550 + 06
=1 22558075 = 7155006
SR A7SE LR 078 736 50 (6
-1.325 + 07 -7.550 + 06
=S 7SS 7R 5 BRI 6
-1.425 + 07 -7.550 + 06
=INA755E 07 S-SR 7
-1.525 + 07 -7.550 + 06
-1.575 + 07 -7.550 + 06
-1.625 + 07 -7.550 + 06
-1.675 + 07 -7.550 + 06
1,725+ 07 . <1161 + GF
SRS S el R <
-]4B25 = D7-. <7580 + 06
1.084 + 07
6.264 + 05
-5.325 + 06
-4.015 + 06
=.573 +05



o

51
3¢
53
54
55
56
5
58
53
60
61
62
63
64
65
66
67
68
69
70
i
i
75
74
75
76
Ty
78
7
80
81
82
83
84
85
86
87
88
89
102
103
104
107

40

22
2z
22

22
22
22
22
22
22
28
22
22
22
28
27
22
28
22
28
22
Z22
28
22
28
22
22
28
&¢
28
2z
28
22

OXYGEN 0

MAT 1276
Average
Q (MT) Q (LR) Decay Type Decay Energy

-6.052 + 06
-6.042 + 06 -6.052 + 06
-6.131 + 06
-6.917 + 06
-7.119 + 06
-8.872 + 06
-9.597 + 06 -7.161 + 06
-9.847 + 06 -7.161 + 06
-1.035 + 07 -7.161 + 06
-1.095 + 07
-1.108 + 07
=T, 110 + 07 ~ -7.161 + 06
-1.126 + 07 -7.161 + 06
=188 + 07 «=7.161 + 06
iq5Z 2 OF - -7.161 406
-1.163 + 07 -7.161 + 06
-1.205 + 07 -7.161 + 06
-1.244 + 07 . 2135107
-1.253 + 07 -7.161 + 06
L1.780 + 07 - -71.161 + 06
-1.297 + 07 -7.161 + 06
-1.315 + 07 -1.213 + 07
-1.345 + 07 -7.161 + 06 .
-1.375 + 07 -7.161 + 06
-1.405 + 07 -1.213 + 07
-1.435 + 07 -7.161 + 06
-1.465 + 07 -1.213 + 07
-1.495 + 07 -7.161 + 06
-1.525 + 07 -7.161 + 06
-1.555 + 07 -1.213 + 07
-1.585 + 07 -7.161 + 06
-1.615 + 07 -1.213 + 07
-1.645 + 07 -7.161 + 06
-1.675 + 07 -7.161 + 06
-1.705 + 07 -1.213 + 07
-1.735 + 07 -7.161 + 06
-1.765 + 07 -1.213 + 07
-1.795 + 07 -7.161 + 06
~1:825+ 07+ ~1.2%3 + 07
-1.855 + 07 -7.161 + 06
4,143 + 06 -
-9.639 + 06 B
-9.901 + 06
-2.214 + 06

B-11



102
103
104
105
107

FLUORINE i

MAT 1277
Average
LR Q (MT) Q (LR) Decay Type Decay Energy

-1.100 + 05 .

-1.043 + 07 B 0.2534
-4.878 + 06

-7.993 + 06

-1.100 + 05

-1.970 + 05

-1.417 + 06

-1.458 + 06

-1.554 + 06

-2.780 + 06
-3.907 + 06

-3.998 + 06

-4.032 + 06

-4,378 + 06

-4.555 + 06

-4.557 + 06
-4.648 + 06

-4.683 + 06

-5.106 + 06

-5.340 + 06

-5.428 + 06

-5.464 + 06

-5.499 + 06

-5.540 + 06

-5.630 + 06

-5.943 + 06

6.601 + 06 B™ 2.4886
-4.036 + 06 B 1.701
-5.768 + 06

-7.557 + 06
~1.523 + 06 B~ 2.6924

B-12



SODIUM Na

MAT 1156
Average

Q (MT) Q (LR) Decay Type Decay Energy
-4.390 + 05 i
-1.241 + 07 B 0.216
-4.390 + 05
-2.078 + 06

-2.393 + 06

-2.640 + 06
-2.705 + 06

-2.983 + 06

-3.680 + 06

-3.880 + 06

-4.430 + 06

-4.770 + 06

-5.380 + 06

-5.530 + 06

-5.760 + 06

-5.955 + 06

-6.079 + 06

-6.270 + 06
-7.110 + 06

-7.790 + 06
-8.630 + 06 :

6.962 + 06 B 0.557
-3.597 + 06 B_ 5805
-3.866 + 06 B 2.4886




MAGNESIUM Mg

MAT 1280
Average
LR Q (MT) Q (LR) Decay Type Decay Energy
-5.840 + 05
-7.316 + 06 B* 1.0504
-9.313 + 06 =
-1.170 + 07 B 0.2195
-5.840 + 05
-9.760 + 05
-1.370 + 06
-1.611 + 06
-1.808 + 06
-1.962 + 06
-2.565 + 06
-2.736 + 06
-2.803 + 06
-2.940 + 06
-3.399 + 06
-3.408 + 06
-3.586 + 06
-3.903 + 06
-3.942 + 06
-3.969 + 06
-4.055 + 06
-4.120 + 06
-4.230 + 06
-4.270 + 06
-4.320 + 06
-4.333 + 06
-4.351 + 06
-4.351 + 06
-4.704 + 06
-4.712 + 06
-4.835 + 06
-5.230 + 06
-6.000 + 06
-6.440 + 06
-7.350 + 06
-7.560 + 06
-7.620 + 06
-7.750 + 06
-8.120 + 06
-8.350 + 06
-8.440 + 06
-8.441 + 06
-8.650 + 06
-8.880 + 06
-4,300 + 06
8.167 + 06 B: 0.0763
-3.040 + 06 B~ 0.9486
4,600 + 05 BE 0.2102



M

16
51
b2
53
54
55
56
57
58
59
60
61
62
63
64
65
66
66
67
68
69
70
7
2
73
74
5
76
i
78
79
80
81
82
83
84
85
86
87
88
89
90
102
103
104
105
107

31
31
31
31
31
31
31
Al
31
31
31
31
31
31
31
31
31
31
o
31
31
8ll
31
31
31
28
31l
31
28
31
28
28
22
28
28
28
2e
28
28
22
28

ALUMLINUM Al
MAT 1193
Average
Q (MT) Q (LR) Decay Type Decay Energy
-8.430 + 05
-1.306 + 07
-8.430 + 05
-1.013 + 06
-2.210 + 06
-2.732 + 06
-2.980 + 06
-3.001 + 06
-3.678 + 06
-3.956 + 06
-4.055 + 06
-4.409 + 06
-4.508 + 06
-4,580 + 06
-4.811 + 06
-5.250 + 06
-5.750 + 06
-6.250 + 06
-6.250 + 06
-6.750 + 06
=7.2508 £806
-7.750 + 06
-8.250 + 06
=8, 750"t 06
-9.250 + 06
-9.750 + 06
=025+ 07 .
-1.075 + 07 -8.271 + 06
= [EZeRa0]
=l W7
-1.225 + 07 -8.271 + 06
SE 275 0]
-1.325 + 07 -8.271 + 06
~1:375 + 07  -8.271 + 06
-1.425 + 07 -1.010 + 07
-1.475 + 07 -8.271 + 06
-1.525 + 07 -8.271 + 06
I G e ol el
%625 07 =1.010 307
~1.675 + 07 -8.271 + 06
1.737 + 07 -8.271 + 06
-1.813 + 07 -1.010 + 07
Jl.887 + 07 -8.271 + 06 _
7.724 + 07 B_ 1.2448
=1.828 + (06 B 0.7055
-6.046 + 06
-1.088 + 07 .
—3.1132 06 B 0.5570

B-15




P wn—

16
22
28
51
52
53
54
55
56
37/
58
50
60
61
62
63
64
65
66
67
68
69
70
71
72
ol
102
103
104
107

SILICON Si

MAT 1194
Average
LR Q (LR) Q (LR) Decay Type Decay Energy
-1.273 + 06
-8.474 + 06 B_ 1,612
-9.985 + 06 B 0.02145
-1.159 + 07 B~ 0.02847
-1.273 + 06
-1.779 + 06
-2.028 + 06
-2.235 + 06
-2.425 + 06
-3.068 + 06
-3.498 + 06
-3.624 + 06
-3.770 + 06
-3.788 + 06
-4.617 + 06
-4.809 + 06
-4.830 + 06
-4.975 + 06
-6.272 + 06
-6.690 + 06
-6.878 + 06
-6.887 + 06
-7.380 + 06
-7.415 + 06
-7.798 + 06
-7.935 + 06
-4.000 + 06
8.768 + 06 B~ n.0208
-3.860 + 06 B~ 0.3881
=9:358 +06 B~ 0.08698
-2.650 + 06 B 0.02187



_MT

16
24
28
51
57
53
54
55
56
57
58
59
60
61
62
63
91
102
103
107

CHLORINE Gil
MAT 1149
Average
Q (MT) Q (LR) Decay Type  Decay Energy
-1.220 + 06 4
-1.208 + 07 B+ 1.094
-6.990 + 06 B 0.4992
-6.370 + 06
-1.220 + 06
SIR7.628 08
-2.645 + 06
-2.695 + 06
-3.006 + 06
=363 =206
-4.058 + 06
4113 + 06
=AL |7 0]
-5.130 + 06
-5.220 + 06
-6.040 + 06
-6.100 + 06
7.976 + 06 B: 0.3528
BISIIGIEEEN0S B 0.2128
8.925 + 0.05 B 1.0177




nr

16
22
28
51
52
53l
54
55
56
57
58
50
60
61
62
63
64
65
66
67
ol
102
103
107

POTASSIUM K
MAT 1150
Average

Q (MT) Q (LR) Decay Type Decay Energy
-1.003 + 06 i
-1.307 + 07 B 3.2724
-7.365 + 06

-6.424 + 06

=2.526 06

-2.817 + 06

-3.021 + 06

-3.603 + 06

-3.879 + 06

-3.935 + 06

-4,122 + 06

-4.678 + 06

-5.280 + 06

-5.370 + 06

-5.620 + 06

-5.740 + 06

-5.960 + 06

-6.120 + 06

-6.210 + 06
-6.350 + 06
-6.500 + 06
-1.003 + 06 5

7.800 + 06 B2 0.104
2.170 + 05 B 0.0269
15363106 B 0.0966



CALCIUM Ca

MAT 1195
Average
Q (MT) Q (LR) Decay Type Decay Energy
-1.158 + 06
S1.114 + 07 B 2.471
-7.040 + 06
-8.330 + 06 B~ 0.010767
-1.158 + 06
-3.354 +.06
=3.737 (6
-3.904 + 06
-4.492 + 06
-5.212 + 06
-5.249 + 06
-5.279 + 06
-5.615 + 06
-5.627 + 06
-5.900 + 06
=6. 025"+ 06
-6.029 + 06
-6.285 + 06
26510 06
—6./52 106
7 A 00
—7.2800 106
-7.536 + 06
-7.760 + 06 s
-8.020 + 06
-8.271 + 06
-8.540 + 06
-8.670 + 06 i

8.363 + 06 B 0.00318
S5250 05 B 0.0603
-6.019 + 06
S0 N0
-6.991 + 06 %

1.749 + 06 B 0.008337
-5.037 + 06 B: 0.00963
SR 206 B_ 0.0026
-6.966 + 06 B 0.0811




S e

51
a1
102
103
107

TITANIUM T4
MAT 1286
Average
LR Q (MT) Q (LR) Decay Type Decay Energy
-2.440 + 05
=11 685tN07 B 0.0353
-9.870 + 05
-2.440 + 05
8.140 + 06 B 0.0474
-3.210 + 06 B 0.3196
-2.030 + 06 B 0.07461



VANADIUM v
MAT 1196
Average
Q (MT) Q (LR) Decay Type Decay Energy
-3.190 + 05
-1.106 + 07
-1.030 + 07
-8.057 + 06
=390 ER05
-9.290 + 05
-1.608 + 06
Seg 206
-2.409 + 06 g
7.304 + 06 B_ 107/
-1.679 + 06 B 0.934
-5.833 + 06
-1.052 + 07 3
-2.047 + 06 B 0.210




—
o wMn =

22
28
)
b
a0
54
b5
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
IS
74
75
76
77
78
79
80
81
82
83

85

CHROMIUM G
MAT 1191
Average
LR Q (MT) Q (LR) Decay Type Decay Energy

-5.640 + 05 §

-7.940 + 06 B 0.02621

-7.927 + 06 P

-9.588 + 06 B 0.1275

-5.640 + 05

-7.831 + 05

-8.348 + 05

-1.006 + 06

-1.287 + 06

-1.434 + 06

-1.539 + 06

-1.973 + 06

-2.173 + 06

-2.233 + 06

-2.321 + 06

-2.370 + 06

-2.647 + 06

-2.661 + 06

-2.768 + 06

-2.827 + 06

-2.965 + 06

-3.084 + 06

-3.114 + 06

-3.162 + 06

-3.352 + 06

-3.414 + 06

-3.593 + 06

-3.617 + 06

-3.713 + 06

SENTENL el

-3.982 + 06

-4,039 + 06

-4,563 + 06

-4,630 + 06

-4.837 + 06

-5.097 + 06

-5.292 + 06

=5,585 +106

-5.737 + 06



CHROMIUM

M

86
87
88
89
90
9l
102
103
104
105
106
107

LR

Cr (Contd.)

Average
Q (MT) Q (LR) Decay Type Decay Energy
-6.070 + 06
-6.154 + 06
-6.490 + 06
-6.820 + 06
-7.070 + 06
-1.825 + 06
9.237 + 06 B 0.02528
-2.569 + 05 B 1.02899
=R 364R 06 B 0.12754
-9.965 + 06 BE%5 0.03351
-8.628 + 06
1.794 + 06 B 0.02223




MANGANESE Mn

MAT 1197
Average
LR Q (MT) Q (LR) Decay Type Decay Energy
~1.258 + 05
=15 023807
-1.917 + 07
-7.931 + 06
-8.063 + 06
-1.258 + 05
-9.840 + 04
-1.292 + 06
-1.528 + 06
-1.883 + 06
-1.883 + 06
7.270 + 06 B 0717
-1.810 + 06 B~ 1.06228
-5.839 + 06
-1.238 + 07
-6.216 + 05



TR

Hwn—~

16
22
28
51
52
53
54
bb
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
2
73
74
7
76
g
102
103
104
105
106
107

IRON [Fiz]

MAT 1192
Average
Q (MT) Q (LR) Decay Type Decay Energy
-8.460 + 05
-1.120 + 07 B 0.06421
-7.619 + 06
-1.019 + 07 B~ 0.01968
-8.460 + 05
-1.408 + 06
-2.084 + 06
-2.654 + 06
-2.939 + 06
-2.957 + 06
-3.119 + 06
-3.122 + 06
-3.368 + 06
-3.388 + 06
=3 A05EER06
-3.450 + 06
-3.600 + 06
-3.605 + 06
=RNA7 06
-3.829 + 06
-3.856 + 06
-4.046 + 06
-4,099 + 06 .
-4.116 + 06
-4,298 + 06
-4,300 + 06
-4,389 + 06
-4,395 + 06
-4._453 + 06
-4,505 + 06
-1.531 + 06 .
7.803 + 06 B_ 0.000485
8.900 + 04 B 0.738
-7.965 + 06 B+ 0.019778
=Rlgs =07 B_ 0.0087
— 1l ap (ol B_ 0.02489
8.484 + 05 B 0.9768

B-25



_nr

16
5]
52
53
54
%)
56
57
58
5
91
102
103
104
105
107

COBALT Co

MAT 1199
Average
Q (MT) Q (LR) Decay Type Decay Energy
-1.099 + 06 Z
-1.046 + 07 B 0.0736
-1.099 + 06
-1.190 + 06
-1.291 + 06
-1.460 + 06
-1.744 + 06
-2.070 + 06
-2.160 + 06
-2.350 + 06
-2.500 + 06
7.490 + 06 _
=/830+:05 B 0.1564
-5.145 + 00
-8.930 + 06
378 F 05 B~ T



102
103
107

NICKEL Ni

B-27

MAT 1190
Average
LR Q (MT) Q (LR) Decay Type Decay Energy
-1.172 + 06
-7.820 + 06 Bi 0.2601
=8.177 + 06 B~ 0.0328
-1.172 + 06
-1.332 + 06
-1.454 + 06
-2.158 + 06
-2.286 + 06
-2.459 + 06
-2.506 + 06
=2.625 + 06
=2.775 t06
-2.902 + 06
-2.942 + 06
-3.038 + 06
=S ZSEN06
-3.264 + 06
—21 ) e (015
-3.441 + 06 :
8.600 + 06 B_ 0.007377
3.947 + 05 B 0.0838
2.890 + 06 B 0.01967



COPPER Cu

MAT 1295
Average
LR Q (MT) Q (LR) Decay Type Decay Energy

-6.700 + 05 i

-9.900 + 06 B 0.9441
-5.777 + 06

-6.120 + 06

-6.700 + 05

-7.700 + 05

-9.620 + 05

-1.115 + 06

-1.326 + 06

-1.412 + 06

-1.482 + 06

-1.547 + 06

-1.623 + 06

=li572h 06

-1.865 + 06

-1.900 + 06 .

7.750 + 06 B_,B 0.4694

1508605305 B 0.196524
-3.897 + 06

-9.517 + 06

1.693 + 06 B~ 0.311781



102
103
107

LR

NIOBIUM Nb
MAT 1189
Average

Q (MT) Q (LR) Decay Type Decay Energy
-2.900 + 04
-8.826 + 06
=672 07
-1.946 + 06
-2.900 + 04
-7.400 + 05
=8 1005 +105
-9.590 + 05
-1.070 + 06
-1.315 + 06
-1.488 + 06
=674 806
-1.947 + 06
-2.159 + 06
— 223356 £506
-2.519 + 06
-2.550 + 06

7.214 + 06

Zl90EER05 o

4.914 + 06 B 0.931

B-29



Ll

16
17
91
102

MOLYBDENUM Mo
MAT 1287
Average
Q (MT) Q (LR) Decay Type Decay Energy

-2.470 + 05 i
-7.800 + 06 B 0.284
-1.480 + 07 B 0.07129
i S2508 005 B~ 0.1967



102
103

TANTALUM Ta
MAT 1285
Average
Q (MT) Q (LR) Decay Type Decay Energy
-6.200 + 03
-7.630 + 06
Sl o (ol
-6.200 + 03
-1.361 + 05
-1.586 + 05
31005505
335805
—~40822 +05
-4.950 + 05
=6 20005
~7.200 + 05
902500+ 105
6.070 + 06 5
=PR300RER05 B 051288



TUNGSTEN-182 182y

MAT 1128
Average

ISR Q (MT) Q (LR) Decay Type Decay Energy

1

2

4 -1.010 + 05

16 -8.050 + 06

% -1.470 + 07

28 -7.080 + 06

8l -1.010 + 05

52 -3.290 + 05

53 -6.800 + 05

54 -1.220 + 06

55 -1.258 + 06

56 -1.289 + 06

57 Sl skl ae 0F

58 -1.374 + 06

91 -9.940 + 05
102 6.191 + 06
103 -1.022 + 06
107 7.750 + 06

B-32



M

16
17
28
51
52
b3
54
55
56
57
58
59
gl
102
103
107

TUNGSTEN-183 183y
MAT 11129
Average
Q (MT) Q (LR) Decay Type Decay Energy

-4.650 + 04

-6.190 + 06

-1.420 + 07

~7..210F + 06

-4.650 + 04

-9.900 + 04

=25 0705805

-2.090 + 05

-2.920 + 05

-3.090 + 05

-4.120 + 05

-4.,530 + 05

-5.950 + 05

-5.970 + 05

7.412 + 06 )

-2.860 + 05 B 0.2085
8.140 + 06
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102
103
107

TUNGSTEN-184

18k

MAT 1130
Average

Q (MT) Q (LR) Decay Type Decay Energy
-1.120 + 05

-7.410 + 06

-1.360 + 07 &

-7.700 + 06 B 0.2085
-1.120 + 05
-3.650 + 05
-7.480 + 05

-9.040 + 05

-1.007 + 06

-1.135 + 06

~1.228 + 06
-1.270 + 06

-1.287 + 06
-9.950 + 05

5.750 + 06 B~ 0.1309
-2.250 + 06 B~ 0.428
8.370 + 06 B~ 0.12329



TUNGSTEN-186 186y

MAT e
Average

_MT LR Q (MT) Q (LR) Decay Type Decay Energy

1

2

4 =i, 2200 + 05

16 -7.200 + 06

17 -1.295 + 07

28 -8.380 + 06 B~ 0.5023

5i -1.220 + 05

52 -4.010 + 05

53 -7.300 + 05

54 -8.400 + 05

55 -8.500 + 05

56 -9.600 + 05

57 -1.040 + 06

58 -1.110 + 06

59 -1.250 + 06

91 ~9.950 + 05 _
102 5.467 + 06 B_ 0.34138
103 =B Z0EER 06 B_ 0.885
107 8.410 + 06 B 028138



=
P wn—~

17
51l
52
53
54
35
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
2
73
74
75
76
Il
78
79
80
81
82
83
84
85
91
102

LEAD Pb

MAT 1288
Average
LR Q (MT) Q (LR) Decay Type Decay Energy
-5.700 + 05
-6.733 + 06
-1.411 + 07
-5.700 + 05
-8.030 + 05
-8.980 + 05
= 175 +206
-1.341 + 06
-1.462 + 06
-1.633 + 06
-1.682 + 06
-1.762 + 06
-1.998 + 06
-2.160 + 06
-2.340 + 06
-2.385 + 06
-2.615 + 06
-2.624 + 06
-2.634 + 06
-2.783 + 06
-3.017 + 06
-3.057 + 06
-3.198 + 06
-3.250 + 06
-3.382 + 06
-3.453 + 06
-3.475 + 06
-3.560 + 06
-3.708 + 06
-3.750 + 06
-3.854 + 06
-3.920 + 06
-3.989 + 06
-4.078 + 06
-4,125 + 06
-4,200 + 06
-4.,288 + 06
-4.339 + 06
-4,400 + 06
5.415 + 06 B~ 0.107312



MU

16
17
18
51
52
53
54
55
56
by
58
91
102

THORIUM Th

B-37

MAT 1296
Average
LR Q (MT) Q (LR) Decay Type Decay Energy
-5.000 + 04
-6.340 + 06 B~ 0.06715
L s e 0
-5.000 + 04
-1.700 + 05
-3.300 + 05
-7.200 + 05
-7.900 + 05
-8.200 + 05
-1.050 + 06
-1.150 + 06
4,780 + 06 B~ 2637,



BSwmrn—

16
17
18
51
52
56)
54
55
91
102

PROTACTINIUM Pa
MAT 1297
Average
LR Q (M1) Q (LR) Decay Type Decay Energy

-1.870 + 04 )
-6.656 + 06 B 0.0668
-1.218 + 07
-1.870 + 04
-5.690 + 04
-7.120 + 04
-8.680 + 04
-1.040 + 05
-1.870 + 04
5 1975 + 06



B-39

URANIUM-233 233y
MAT 1260
Average
LR Q (MT) Q (LR) Decay Type Decay Energy

-4,040 + 04
-5.904 + 06
-1.319 + 07
-4.040 + 04
-9.200 + 04
=35 208 05
-3.400 + 05
-3.990 + 05
=4 160 805
-4.610 + 05
6.800 + 06



URANIUM-234

234y

B-40

MAT 1043
Average
LR Q (MT) Q (LR) Decay Type Decay Energy
-4.400 + 04
-6.771 + 06
-1.267 + 07
-4.400 + 07
-1.440 + 05
-2.970 + 05
-8.000 + 05
-9.450 + 05
-1.035 + 06
-8.950 + 05
5.297 + 06



URANIUM-235 235y
MAT 1261
Average
LR Q (MT) Q (LR) Decay Type Decay Energy

-1.300 + 04

-5.306 + 06

-1.215 + 07

-1.300 + 04

-4.960 + 04

-8.360 + 04

—i15025" +105

-1.492 + 05

-1.720 + 05

-2.340 + 05

-2.680 + 05

-3.980 + 05

-5.970 + 05

-9.958 + 05

-1.992 + 06

-2.987 + 06

—3.9831 + 06

-4.979 + 06

-5.975 + 06 .

-9.459 + 05

6.545 + 06

B-41



URANIUM-236

236

MAT 1163
Average

Q (MT) Q (LR) Decay Type Decay Energy
-4,528 + 04
-6.910 + 06
-1.164 + 07
-4,528 + 04
-1.460 + 05
-2.980 + 05
-6.950 + 05
-9.800 + 05
-1.060 + 06
-8.950 + 05

5.124 + 06

B-42



B-43

URANIUM-238 238y
MAT 1262
Average
LR Q (MT) Q (LR) Decay Type Decay Energy

-4.500 + 04

-6.040 + 06 B~ 0.071

-1.146 + 07

-4.500 + 04

-1.460 + 05

-3.080 + 05

-6.800 + 05

-7.320 + 05

-8.270 + 05

-9.300 + 05

-9.670 + 05

-1.000 + 06

-1.041 + 06

-1.060 + 06

-1.120 + 06

-1.160 + 06

=[R2 208E06 .

-1.270 + 06

-1.300 + 06

=S 6ilE 06

-1.409 + 06

-1.437 + 06

=R A70N 06

-1.625 + 06

-1.875 + 06

-1.950 + 06

-2.950 + 06

-3.950 + 06

-4.,950 + 06

-4.470 + 04

4,804 + 06



NEPTUNIUM-237 237Np

MAT 1263
Average
_MT LR Q (MT) Q (LR) Decay Type Decay Energy
1
2
4 -3.320 + 04
16 -6.760 + 04
117 -1.229 + 07
18
51 -3.320 + 04
57 -5.960 + 04
53 -7.600 + 04
54 -1.030 + 05
55 -1.590 + 05
56 -2.240 + 05
57 -2.680 + 05
58 -3.050 + 05
59 -3.320 + 05
60 -3.690 + 05
61 -3.710 + 05
91 -3.320 + 05
102 5.490 + 06

B-44



102

PLUTONIUM-238  238py
MAT 1050
Average
Q (MT) Q (LR) Decay Type Decay Energy
-4.410 + 04
-6.930 + 06
-1.291 + 07
-4.410 + 04
-1.458 + 05
-6.050 + 05
-6.720 + 05
=7..550 + 05
-9.370 + 05
-9.850 + 05
-1.030 + 06
=1-@70" 06
-1.195 + 06
5630 + 06

B-45



PLUTONIUM-239  239Py

MAT 1264
Average

MT LR Q (MT) Q (LR) Decay Type Decay Energy

1

2

4 -7.850 + 03
16 -5.656 + 06
17 -1.265 + 07
18

19

20

21

37

38

51 -7.850 + 03
52 -5.700 + 04
53 -7.600 + 04
54 -1.640 + 05
55 -1.930 + 05
56 -2.860 + 05
57 -3.300 + 05
58 -3.880 + 05
59 -3.920 + 05
60 -4,340 + 05
61 -4,700 + 05
62 -4.860 + 05
63 -4.920 + 05
64 -5.050 + 05
65 =5.120 + 05
66 -5.560 + 05
67 -7.300 + 05
68 -7.600 + 05
69 -8.000 + 05
70 -8.490 + 05
71 -9.958 + 05
72 -1.992 + 06
3 -2.987 + 06
74 -3.983 + 06
75 -4.979 + 06
76 -5.975 + 06
91 -5.560 + 05
102 BEb35Etalln



102

PLUTONIUM-240  240py
MAT 1265
Average
Q_(MT) Q (LR) Decay Type Decay Energy
-4,300 + 04
-6.534 + 06
=219 + 07
-4,300 + 04
-1.420 + 05
-2.960 + 05
-5.990 + 05
-8.630 + 05
=0 30NN (05
-9.450 + 05
=1 .4200+ 06
-2.000 + 06
-3.000 + 06
-4.000 + 06
-5.000 + 06
-9.450 + 05
5.241 + 06

B-47



PLUTONIUM-241  2%1py

MAT 1266
Average
S MR R Q (MT) Q (LR) Decay Type Decay Energy
|
2
4 -4.000 + 04
16 -5.220 + 06
17 -1.168 + 07
18
51 -4.000 + 04
52 -9.500 + 04
53 -1.630 + 05
54 -1.690 + 05
55 -1.740 + 05
56 -2.310 + 05
57 -2.450 + 05
58 -3.000 + 05
) -3.350 + 05
60 -4.480 + 05
61 -7.530 + 05
62 -8.280 + 05
63 -8.940 + 05
64 -9.180 + 05
65 -9.410 + 05
2kl -1.195 + 06
102 6.301 + 06

B-48



M

16
17
18
51
52
53
54
55
56
Byl
58
59
60
91
102

PLUTONIUM-242  242py
MAT 1161
Average
Q (MT) Q (LR) Decay Type Decay Energy
-4.490 + 04
-6.240 + 06
=1l 7] a0
-4,490 + 04
-1.490 + 05
=320 305
-6.470 + 05
-6.970 + 05
-7.960 + 05
-9.650 + 05
=1.010 + 06
-1.060 + 06
S OER06
-1.195 + 06
5.037 + 06

B-49



=
(o I SR =

2l
102

AMERICIUM-241  241Am

MAT 1056
Average
Q (MT) Q (LR) Decay Type Decay Energy
-4.150 + 04
-4,195 + 04
55285 +206

B-50



102

AMERICIUM-243  243Am

MAT 1057
Average
Q (MT) Q (LR) Decay Type Decay Energy
-8.340 + 04
-8.390 + 04
5.364 + 06

B-51



Distribution for ANL/FPP-TM-106

Internal:

P. I. Amundson R. Heinrich

C. C. Baker S. Harkness

M. Benson H. Henryson

P, 'J. Bertoncini Jo Jung

C. D. Boley M. Kaminsky

J. N. Brooks S-H. Kim

Yo l:Chang Y-K. Kim

K. Clemmer R. Kustom

J. D. Darby M. Lineberry

S. Das L. LeSage

C. Dennis V. Maroni

D. A. Ehst R. Mattas

K. Evans, Jr. L. J. Milton

D. Ferguson F. Nolfi

J. Fasolo J. Norem

E. M. Gelbard E. M. Penpington

M. Y. Gohar P. J. Persiani

L. Greenwood E. N. Pettitt

D. Gruen E. G. Pewitt
C. Hytry (50)

External:

DOE-TIC, for distribution per UC-20b, -20d, -20e (195)
Manager, Chicago Operations Office, DOE
Chief, Office of Patent Counsel, CH
President, Argonne Universities Association
Applied Physics Division Review Committee:
P. W. Dickson, Jr., Westinghouse Electric Corp.
R. L. Hellens, Combustion Engineering, Inc.
. B. Loewenstein, Electric Power Research Institute
. F. Redmond, Ohio State University
. Sher, Stanford University
B. Wehmeyer, Detroit Edison Co.
K D, Lathrop, Los Alamos Scientific Lab.
A. Abdou, Georgia Institute of Tecnnology (10)
G. Alsmiller, Jr., Oak Ridge National Laboratory
Asami, Milsubishi Atomic Power Industries (Japan)
Axtmann, Princeton University
J. Barrett, Los Alamos Scientific Laboratory
Bosler, Los Alamos Scientific Laboratory
S. Bohn, EG & G - Idaho
A. Borden, Sandia Laboratories
Botwin, Grumman Aerospace Corporation
Briggs, McDonnell-Douglas Corporation
D. Callen, Oak Ridge National Laboratory
A. Carlson, Lawrence Livermore Laboratory
A. Carruthers, Culham Laboratory .,
L. Chapin, Westinghouse Electric Corporation
Clarke, Combustion Engineering

UWB‘JZ

KUWO‘—ZN%HOWWZWZ

B. Reynolds

A. B. Smith

D.; L. Smith

D. L. Smith

H. Stevens

W. J. Sturm

F. J. Thalgott
C. B, LEE

B. J. Toppel
I,. Turner

S-T. Wang

C. Youngdahl
FP Program (3)
National Energy

Software Center (10)
A. B, Krisciunas
ANL Contract File
ANL Libraries (5)

TIS Files (6)



B. Coppi, Massachusetts Institute of Technology
J. Davis, McDonnell-Douglas Corporation

C. Flanagan, Westinghouse Electric Corporation
W. E. Ford, Oak Ridge National Laboratory

H. K. Forsen, Exxon Nuclear Company, Inc.

H. P. Furth, Princeton University

D. Grafstein, Exxon Research Engineering Co.

s. A. Gralnick, Princeton University

R. A. Gross, Columbia University

G. Hopkins, General Atomic Company

R. J. Howerton, Lawrence Livermore Laboratory

D. L. Jassby, Princeton University

D. Kiefe, EG & G - Broadway Factory

D. Klein, Westinghouse Electric Corporation

A. Knoblock, Max-Planck-Institute fur Plasmaphysik
H. Kouts, Brookhaven National Laboratory

D. Kummer, McDonnell Douglas Corporation

SMEET Kuo, United Technologies Research Center

B. Langley, Sandia Laboratories

Librarian, Culham Laboratory

Librarian, CEA, France

L. Lidsky, Massachusetts Institute of Technology
P. S. Lykoudis, Purdue University

C. W. Maynard, University of Wisconsin

D. McAllees, Exxon Nuclear Company, Inc.

A. Mense, Oak Ridge National Laboratory

G. H. Miley, University of Illinois

R. G. Mills, Princeton University

G. A. Moses, University of Wisconsin

J. J. Osher, Lawrence Livermore Laboratory

G. D. Pine, Massachusetts Institute of Technology
J. Powell, Brookhaven National Laboratory

F. Ribe, University of Washington »

M. Roberts, Oak Ridge National Laboratory

D. J. Rose, Massachusetts Institute of Technology
R. W. Roussin, RSIC, Oak Ridge National Laboratory (25)
K. Sako, Japan Atomic Energy Research Institute
J. L. Scott, Oak Ridge National Laboratory

W. M. Stacey, Jr., Georgia Institute of Technology
D. M. C. Stauber, Grummen Aerospace Corporation
C. Taylor, Lawrence Livermore Laboratory

F. H. Tenney, Princeton University

V. L. Teofilo, Battelle - Pacific Northwest Laboratory
P. E. Thress, Catholic University

R. Turnball, University of Illinois

R. W. Werner, Lawrence Livermore Laboratory

W. R. Wilkes, Monsanto Research Corporation

H. Willenberg, Battelle - Pacific Northwest Laboratory
L. Wood, Lawrence Livermore Laboratory

G. L. Woodruff, University of Washington

R. Q. Wright, Oak Ridge National Laboratory






